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TECHNICAL NOTES
Some intraabdominal, retroperitoneal, or intra-
thoracic tumors extend into the vena cava from the
drainage vein, and they rarely grow into the right
atrium or right ventricle through the bloodstream.1-
8 In these cases, an operation should be scheduled
soon after diagnosis to prevent pulmonary emboliza-
tion or heart failure caused by tricuspid valve
obstruction. The operative method should consider
the clinicopathologic character of the tumor.
Four patients who had transvenous, intracardiac
extensions of tumors that originated from the
uterus, kidney, or thymus were admitted to our hos-
pital at the Kobe University Hospital. These patients
successfully underwent surgical resection of tumors
with extracorporeal circulation (ECC). In this
report, operative and prognostic considerations are
reviewed for the patients who had tumors with
transvenous intracardiac extension, and a preferred
surgical approach is discussed.
PATIENTS AND METHODS
Patient characteristics and diagnoses
During the period from January 1984 through
December 1996, four patients underwent surgical treatment
for intraabdominal, retroperitoneal, or intrathoracic tumors
with transvenous intracardiac extension in our hospital
(Table I). The two men and two women had an average age
of 43.8 years (range, 28 to 59 years). The primary tumors of
two patients were intravenous leiomyomatoses originating
from the uterus; a third patient had invasive thymoma, and
the fourth patient had clear cell sarcoma of the right kidney.
The chief complaint of the patient with invasive thy-
moma was ptosis palpebrae, and that of the patient with
clear cell sarcoma of the right kidney was right flank pain
and hematuria. These complaints were caused by the pri-
mary tumors. The chief complaints of the two patients
with intravenous leiomyomatosis were exertional dyspnea
or fainting attacks that were induced by cardiac extension
of the tumors. No patient had a pulmonary embolism or
venous thrombosis of the lower extremities. Cardiac
extensions of the tumors were preoperatively evaluated by
computed tomography (CT), magnetic resonance imag-
ing (MRI), echogram, and venogram in all cases. Tumor
thrombi were found to extend into the right atrium in
three cases and into the right ventricle in one case.
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Operative procedures
Two-stage procedure. A patient who had
resection of intravenous leiomyomas in 1985 had a
long history of this disease. She had received a hys-
terectomy for a benign uterine myoma in 1978. In
1982, she was admitted with a complaint of exer-
tional dyspnea, and underwent an operation for a
right atrial tumor extending into the inferior vena
cava (IVC). Because the right atrial tumor was diag-
nosed as a benign leiomyoma by intraoperative
frozen biopsy, only the right atrial tumor was resect-
ed, and the remaining mass in the IVC was left in
place. In response to the reappearance of the right
atrial tumor in 1985, a curative, two-staged resec-
tion of the tumor in the right atrium, IVC, and
pelvic space was scheduled. The first operation was
performed through a right-sided thoracotomy and
median laparotomy, and a white, pear-shaped mass
was removed from the right atrium under ECC. The
remaining pelvic and retroperitoneal mass with
tumor extension in the IVC was removed 17 days
after the first operation (Figs. 1 and 2, Table II).
One-stage procedure. In three patients, a one-
stage operation was performed. The original tumors
were dissected and mobilized, with the exception of
the portion next to the drainage veins. Heparin was
then administered, and ECC was initiated. Under
electrical ventricular fibrillation, the right atria were
opened, and the intracardiac tumors were resected
en bloc with the primary tumors. Combined venous
resections were necessary for en bloc resection in
three cases. An invasive thymoma was resected with
the superior vena cava and the brachiocephalic vein;
those vessels were reconstructed with ringed polyte-
trafluoroethylene (PTFE) grafts with diameters of
10 mm. A tumor of the right kidney was resected
with the infrahepatic IVC, and the IVC was recon-
structed with a ringed PTFE graft with a diameter of
14 mm. An intravenous leiomyoma operated in
1996 was resected with the anterior wall of the IVC,
which was reconstructed with an autologous peri-
cardial patch graft.
Two cases of intracardiac tumors originated from
malignant tumors that adhered to and invaded the
right atrial wall or the caval wall. Tumor thrombi in
the two cases of intravenous leiomyomatosis were
floating in the cardiac cavity and IVC. There was
some fibrous adhesion to the caval wall but no adhe-
sion to the endocardial wall, and the tumor thrombi
could be easily removed from right atrial or ventric-
ular cavities.
Cannulations for ECC were performed in the
femoral artery (or ascending aorta in one case),
femoral vein, and superior vena cava. Only in one
case of invasive thymoma was the right jugular vein
used instead of the superior vena cava because of
tumor invasion. In the first case of intravenous
leiomyomatosis, cardiac arrest was used during the
intracardiac maneuver. The ECC time was 112 min-
utes, the cardiac arrest time was 23 minutes, and the
minimal rectal temperature was 17° C. Electrical ven-
tricular fibrillation was used during the intracardiac
maneuvers in three cases. The ECC time was 78 min-
Fig. 1. Operative findings for the four cases, including
the number of stages, extent of tumor, operating room
(OR) time, and amount of blood loss.
Fig. 2. Operative methods for the four cases, including
whether venous resection, venous repair, and graft place-
ment were used. IVC, Inferior vena cava; RA, right atri-
um; SVC, superior vena cava; IV, innominate vein; BCV,
brachiocephalic vein; PTFE, polytetrafluoroethylene.
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utes (range, 25 to 150 minutes), the duration of elec-
trical ventricular fibrillation was 11 minutes (range, 7
to 13 minutes), and the average minimal rectal tem-
perature was 34.5° C (range, 33° C to 36° C). The
average operating time was 591 minutes (range, 495
to 720 minutes), and the average intraoperative
blood loss was 1590 ml (range, 510 to 3260 ml) for
the four cases. 
Postoperative course and prognosis
Postoperative venograms performed during the
patients’ hospital stay demonstrated patency of all
replaced grafts and repaired veins. The patients with
thymoma and clear cell sarcoma of the kidney
received postoperative adjuvant chemoradiotherapy,
and all four patients were discharged uneventfully
from our hospital (Table III). In the patient with
invasive thymoma, lung metastasis detected 4 years
after the operation was well controlled by additional
radiotherapy. The other three patients remain free of
disease and are asymptomatic.
Pathologic findings
In the two patients with leiomyomatosis, the his-
tologic character of the intravenous tumors was
quite similar to that of the leiomyoma of the uterus.
The intravenous and intracardiac tumors were pink-
ish white and elastic hard. The tumor cells had no
microscopic evidence of atypia or mitosis.
The thymic tumor was grayish white, elastic
hard, and 10 · 7 cm. Thymoma cells were histolog-
ically identified in the thyroid gland, the wall of bra-
chiocephalic vein, and the endocardium of right atri-
al appendage.
The right renal tumor was grayish white, elastic
hard, and 12 · 10 cm. The tumor was histologically
diagnosed as clear cell sarcoma of the kidney, a sub-
type of Wilms tumor, by the National Wilms Tumor
Table II. Extracorporeal circulation data
Case 1 Case 2 Case 3 Case 4
ECC time 112 min 60 min 150 min 25 min
Cannulation (A) FA FA Ascending aorta FA
Cannulation (V) Iliac vein, SVC FV, right jugular vein FV, SVC FV, SVC
Cardiac arrest or electrical VF Cardiac arrest, 23 min Electrical VF, 12 min Electrical VF, 13 min Electrical VF, 17 min
Minimal rectal temperature 17° C 34.5° C 33° C 36° C
ECC, Extracorporeal circulation; FA, femoral artery; FV, femoral vein; SVC, superior vena cava; VF, ventricular fibrillation.
Table I. Patient characteristics
Case 1 Case 2 Case 3 Case 4
Age 41 59 28 47
Gender Female Male Male Female
General complaints None Ptosis palpebrae Right flank pain None
hematuria
Cardiac complaints Exertional dyspnea Facial edema None Fainting attack
Diagnostic test CT, MRI, venogram, CT, MRI, venogram, CT, MRI, venogram, CT, MRI, venogram,
echogram echogram echogram echogram
Diagnosis Intravenous leiomyomatosis Invasive thymoma Clear cell sarcoma of Intravenous leiomy-
the right kidney omatosis
CT, computer tomogram; MRI, magnetic resonance imaging.
Table III. Postoperative course and prognosis
Case 1 Case 2 Case 3 Case 4
Postoperative venogram Patent Patent Patent Patent
Adjuvant therapy None Radiation and chemotherapy Radiation and chemotherapy None
Recurrence No Lung metastasis No No
Prognosis Alive (12 yr) Alive (4 yr) Alive (2 yr) Alive (6 mo)
Study group. Microscopic examination revealed that
the tumor cells had invaded the IVC wall.
DISCUSSION
For removal of intracardiac tumors, ECC is
indispensable. Hypothermic circulatory arrest has
been employed in most previous series.9-12 In three
cases, we attempted removal of the intracardiac
tumors under electrical ventricular fibrillation with
mild hypothermia. The ECC time was 78 minutes,
the duration of electrical ventricular fibrillation was
only 11 minutes, and the average minimal rectal
temperature was 34.5° C. This method is simple,
contributes to shortening the ECC time and the
duration of heparinization, and may reduce the
intraoperative blood loss.
The therapeutic strategy for a tumor with trans-
venous intracardiac extension must consider the
character of the original tumor. Intravenous leiomy-
omatosis is a benign tumor that originates in the
uterus and extends into the IVC, the hepatic vein,
and sometimes into the right side of the heart.1,13
Although this tumor is pathologically benign, it must
be clinically treated as malignant because of style of
progression.9,14 Several cases of successful removal of
intracardiac extension have been reported,1,2,9-11,13-18
and most have been treated by a staged operation
involving resection of the abdominopelvic and
intrathoracic components.9,13,15-17
Although a two-staged operation was attempted
in our first case, we recommend a one-stage opera-
tion, because this tumor is progressive, the tumor
thrombus can be easily removed (i.e., severe adhe-
sion to the venous or atrial wall is uncommon in our
experience or in previous reports9,16,18), and a one-
stage operation is safe and provides physical and eco-
nomic benefits for patients. Combined venous resec-
tion usually is unnecessary, except for the inflow por-
tion of the drainage vein, because the tumor
thrombus mostly floats in the right atrium or
IVC.10,11 Emergency operation must be scheduled
because patients with intravenous leiomyomatosis
have no specific symptoms until cardiac insufficiency
develops; their cause of death is heart failure as a
result of mechanical obstruction of the tumor.19-22
There are some reports of recurrence9,10,17,19 or
metastasis,10,14,19 but prognosis usually is good if
the tumor is resected completely.
Invasive thymoma is characterized by an infiltra-
tive growth into neighboring structures, and it com-
monly invades the great arteries or veins directly.
However, transvenous intracardiac extension of this
tumor is rare; it has been reported in fewer than 20
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cases in the literature.7,23-26 Although chemothera-
py, radiation therapy, or both are effective, complete
en bloc resection is indispensable for improving the
outcome of these patients. Combined venous and
atrial wall resections usually are necessary because of
the invasive growth pattern of this tumor. In our
case, the tumor could be resected en bloc with inva-
sive lesions of the SVC and the brachiocephalic vein;
the vessels were reconstructed with ringed PTFE
grafts.
Renal tumors, such as nephroblastoma, clear cell
sarcoma,27,28 and renal cell carcinoma sometimes
extend into the IVC, the hepatic vein, and the right
side of the heart, because their drainage veins con-
nect to the IVC. Several cases of intracaval or intra-
cardiac extension of renal tumors have been report-
ed,12,28-34 and renal tumors with intraatrial exten-
sion or hepatic vein obstruction (i.e., Budd-Chiari
syndrome) may require emergent surgical treatment
to avoid the fatal tricuspid obstruction, pulmonary
embolization or acute hepatic failure.28 Despite
invasion of the IVC wall, our patient is free of dis-
ease 2 years after the operation. We believe that rad-
ical resection with adjuvant chemoradiotherapy can
provide palliation and possibly a cure for renal
tumors extending into the heart.
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